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In the  course of an investigation  on the problem of soil pollution, 
bacilli  having  the  cultural'properties  of  the  Morgan  bacillus  No.  1 
were  isolated  from  three  polluted  wells.  The  epidemiological  sig- 
nificance  of  these  findings  is  apparent  provided  that  this  organism 
really bears  the  relation  to infectious  diarrhea  claimed  for it  by its 
discoverer.  It was not feasible to enter into the questidn of etiology, 
but it has seemed desirable  to compare the strains isolated from the 
polluted wells with some obtained from human sources.  The result- 
ing observations are of interest because they throw some light on the 
nature  of this bacillus,  which has been the subject of a  great deal of 
discussion. 
This  organism was  first  described  by  Morgan  in  1906.  It  belongs  to  the 
colon-typhoid group, but is peculiar in that it ferments only the hexoses with the 
production of gas.  In the first epidemic of infectious diarrhea in which Morgan 
observed this organism he succeeded  in isolating it from the stools of 40 out of 
112  patients.  In subsequent  epidemics in England  Morgan and his  coworkers 
as  well  as  Ross,  Alexander,  Lewis,  and  others,  paid special attention  to  this 
type of bacillus.  The reported findings  are greatly at variance.  Morgan iso- 
lated it in 54 per cent of the cases  in  1905, 56 per cent in 1906, 16 per cent in 
1907,  and  53  per cent in  1908.  Ross,  Orr,  and Alexander found this  bacillus 
together with other non-lactose-fermenting bacteria, but claim that no one type 
was  conspicuous.  Alexander  reports  that  during  1911 and  1912 the  Morgan 
bacillus No. 1 was found in the stools of 4 per cent of normal and in 13.4 per cent 
of sick children examined.  Lewis,  on the other hand,  in  1910 failed  to isolate 
the organism from the stools of normal children,  whereas he found it in 30 per 
cent  of  cases  suffering  from acute  diarrhea.  In  1911 he  isolated  the  bacillus 
from 17 per cent of normal children  and 70 per cent of the cases of diarrhea. 
This peculiar organism has also been cultivated from sources  other than hu- 
man.  Morgan and Ledingham isolated it from one cow out of eighteen exam- 
~ned; Lewis obtained it from five out of twenty mice.  Cole isolated two strains 
from the intestinal contents of roaches. 
531 532  MORGA~  BACILLUS  NO.  I 
The pathogenicity of the strains is variable.  Both Morgan and Lewis proved 
that some strains were fatal for rats, mice, and rabbits when given per os.  Neither 
Morgan nor Lewis was able to demonstrate the presence of specific antibodies in 
the sera of children from whom the bacilli were isolated. 
The agglutination reactions of a large number of strains against different sera 
were reported by Lewis in 1912.  He tested 242 strains from 167 cases, including 
those isolated, from normal  individuals, mice, cow, etc. against 16  sera.  He 
found three main groups containing respectively 48,  17, and 8 per cent of the 
strains.  There  was  no  correlation between agglutination group and  source. 
11.5 per cent of the strains did not agglutinate with any of the sera.  Lewis  did 
not carry out any absorption tests. 
It is evident from this brief review  that  the  etiologic significance 
of  the  Morgan bacillus is  by no  means established.  The  work  of 
Flexner  and  his  coworkgrs,  TenBroeck  and  Norbury, and  Smillie 
leaves little room for doubt that in this country infectious diarrhea of 
infants is  mainly caused by  the  dysentery bacilli.  There  remains, 
however, the possibility that the Morgan bacillus does play a  minor 
part, since reports of its isolation frequently appear in the literature. 
EXPERIMENTAL. 
Strains  Studied.--The  total number  of  strains  tested  was  small 
but  representative.  In  addition to  the  three  strains  isolated from 
polluted water  there were fourteen others, obtained from a  variety 
of sources.  Three came from th~ Lister Institute, England; two were 
from  the  Institute of  Public  Health,  Canada,  and  were  originally 
sent  there  by  Captain  Fidlar  from  Mesopotamia.  Three  cultures 
were isolated in  this  country from stools of infants suffering from 
acute  diarrhea.  The  others  were  either  stock  strains  of unknown 
origin  or  recently isolated  from  other  sources.  Table  I  gives  the 
number,  source,  a~d,  when  known,  the  year  of  isolation  of  the 
cultures used. 
Cultural Characters.--Morphologically and culturally all the strains 
were identical and corresponded with the original description given 
by Morgan.  They were all motile, Gram-negative bacilli, resembling 
the other members of the typhoid-dysentery  group.  They fermented 
the hexoses  (dextrose, levulose, and galactose)  with the production 
of acid and gas, but failed to ferment any of the other fermentable 
substances  tested  (mannite,  maltose,  lactose,  saccharose,  xylose, I.  J.  KLIGLER  533 
arabinose,  rhamnose,  salicin,  and  dulcite).  In  semisolid  agar  con- 
taining  glycerol  and  Andrade  indicator  they  produced  acid  in  the 
upper  (aerobic)  and  not  in  the  lower  (anaerobic)  part  of  the  tube. 
All of them produced an abundance of indol in 24 to 48 hours in beef 
infusion broth.  Gelatin was not liquefied.  In their behavior toward 
the triphenylamine dyes they were more akin to the typhoid  than  to 
the dysentery bacilli. 
TABLE  I. 
List  of  Cultures  Used. 
Strain  Source.  No. 
M38a 
M45a 
M33 
M.L 
M.D. 
139 
T17 
57 
318 
25 
M.R. 
M.RX 
586 
692 
M.K. 
M.T. 
S2 
Lister Institute, England.  Origin  not given. 
Institute of Public Health,  Canada.  Obtained from Captain Fidiar, Meso- 
potamia. 
Institute of Public Health,  Canada.  Obtained from Captain Fidlar, Meso- 
potamia. 
Stock strain  from the American Museum of Natural History, isolated from 
water. 
Isolated, 1917 from the stool of a normal individual. 
"  1917  "  polluted well water. 
"  1917  "  "  "  " 
"  1918  "  "  "  " 
"  1916  "  the intestine of a roach (Cole). 
"  1916  "  "  "  "  "  "  " 
"  1915  "  "  stool of an infant  (diarrhea). 
"  1915  "  "  "  "  "  "  " 
Received from Professor Kendall.  Origin  unknown. 
"  "  Dr. TenBroeck.  Isolated  Aug., 1914, from a  case of infant 
diarrhea in Boston. 
Isolated,  1917, from polluted soft. 
Pathogenicity.--The  pathogenic  property  of  some  of  the  strains 
was tested by feeding them to white mice and rats.  The method of 
feeding was as follows: Veal broth containing  10 gm. of fresh veal to 
100  cc.  of  the  broth  was  used.  The  inoculated  tubes  were  incu- 
bated for 48 hours at 37°C.,  and  10 cc.  of these cultures  fed to each 
animal by soaking the bread fed to them.  Some of the animals were 
fed  10  cc.  of  culture  on  2  consecutive  days.  None  of  the  mice  or 
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several days after the feeding.  The bacilli usually disappeared from 
the  feces within  5  to  10  days after  the  feeding.  Strains  692  and 
586,  most recently isolated from cases of acute diarrhea, and Strains 
57,  318,  and  139,  obtained  from polluted water, were employed in 
these tests. 
Agglutination  Reactlons.--Agglutination  tests  were  made  with 
nine sera.  The sera were prepared by injecting saline suspensions of 
TABLE  If. 
Agglutination Reactions of Morgan Bacilli in Different Sera. 
Agglutination  with  Serum. 
Strain No. 
M38a 
M45a 
M33 
MJ. 
M.D. 
139 
T17 
57 
318 
25 
M.R. 
M.RX 
692 
586 
M.K. 
M.T. 
$2 
692 
m 
1,280 
1,280 
586 
40 
1.280 
1,280 
139 
8O 
1,280 
1,280 
40 
I  -- 
318 
80 
2,560 
M.K. 
2,560 
320 
80 
2,560 
TIT  33  45  38 
1,280"  320  12,560  2,560 
2,560  6401  2,560  640 
1,280  1,2801  1,280  2,560 
2,560  40  80 
I 
2,560  I  2,560  640 
I 
40 
1,280 
2,560 
--  I  --  160 
t 
--  --  80 
--  640 
160  --  -- 
* The numbers indicate the highest dilution at which agglutination occurred. 
24 hour growths on agar slants.  Five injections at 3  day intervals 
were usually given.  The results are summarized in Table II.  The 
numbers in the table indicate the highest dilution in which agglutina- 
tion occurred.  It is evident at a  glance that the strains are highly 
diversified antigenical]y.  The seventeen strains fall into six distinct 
groups. 
A bsorption  Tests.--The heterogeneity of these strains is more strik- 
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example,  cross-agglutinated  in  high  dilutions,  but  their respective 
sera behaved differently towards the other strains.  Absorption tests 
TABLE III. 
Absorption of Agglulinins from Sera Produced against Various Strains of Morgan 
Bacilli. 
No. of  I  agglutinating  culture. 
Serum38  absorbed  with. 
Culture  38. 
38 
33 
45 
TI7 
80  160  320  640  1,280 
Culture  33. 
80  ,~__o ~__o ~4__o ,,28o 
-+1++++  +  +  ~÷l+:l  +  -I- 
+lo-i-i-t- 
Culture  45. 
8o ,~o  320 .ol,:~g0 
!  ++l++l++l+fl + 
++++1++1 +l-  +÷[++[ ÷[-I- 
++l++l ~l-I- 
Serum  45 absorbed  with. 
I iiiii  Culture45"  [  I  CultureT17"  lii  ~  [ i  ' ÷  Cultur'-'~e38-  I  38  .... 
33 
45  ~-  ++++++  +  -- 
T17  ++  ~  I++1++1++1+  - 
Serum 33 absorbed with. 
33 
45 
T17 
M.K. 
T17 
M.K. 
Culture  33.  Culture 45. 
liii=l  L I 
Serum  T17 absorbed  with. 
Culture  TI7.  Culture  M.K.  • 
Illl 
Serum  M. K. absorbed  with. 
Culture  M.K.  Culture  TI7. 
;LI  I  :+=:+:++ 
showed that they were distinct types.  Similarly, the sera produced 
against  the  English  strains M38a,  M45a,  and  M33,  cross-agglutin- 
ated  the  heterologous  strains  in high dilution, but absorption tests 536  MORGAN BACILLUS NO.  I 
showed  that  the  three  organisms  were anfigenically  different.  The 
seventeen strains are thus separated  into ten distinct  antigenic  types 
without any correlation  as to source.  The results of  the  absorption 
tests are given in Table III. 
SUMMARY AND  CONCLUSION. 
The study of the cultural  and agglutinating  reactions  of seventeen 
strains  of  Morgan  bacilli  is  reported.  The  cultures  were  obtained 
from  different  sources.  Culturally  all  the  strains  were  identical. 
Antigenieally  they  were  highly  diversified.  The  sera  produced 
against  some  strains  have  marked  agglutinating  power  for  other 
strains,  but  absorption  tests  showed  that  the  cross-agglutinations 
were  often  due  to  group  agglutinins.  While  no  conclusion  can  be 
drawn regarding  the pathogenic  significance of this bacillus,  the wide 
diversities of antigenic  properties  raise the question as to the ~pecific 
relationship  of the various  cultures met with as well as their relation 
to a  definite class of pathological  Processes in man. 
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